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Introduction 
Central hemodynamic qualities, such as cardiac output 
(CO) and central blood pressure, are believed to contain 
more clinically relevant information than the 
corresponding peripheral (i.e. brachial artery) 
measurements [1]. Estimation of central aortic pressure 
is often achieved by the use of generalized transfer 
functions which do not necessarily reflect the state of the 
cardiovascular system in a patient-specific way. In the 
case of CO, monitoring requires an ultrasound device 
and trained clinician to be present, and thus is 
considered to be expensive. Here, we introduce a novel 
approach to estimate CO and central systolic blood 
pressure (cSBP) from brachial pressure measurement 
and carotid-to-femoral pulse wave velocity (cf-PWV).  
 
Methods 
We do so by effectively tuning a generalized 
mathematical model of the arterial tree to patient-
specific measurements. The tuning of the previously 
validated one-dimensional arterial tree model [2] is 
achieved via a two-layer optimization algorithm. In a 
first internal optimization loop [3], compliance and 
resistance of the generic arterial tree model are adjusted 
so that simulated brachial systolic and diastolic 
pressures converge towards the measured brachial 
systolic and diastolic pressures. In a second external 
optimization loop, aortic flow is modified in order to 
capture the measured cf-PWV value. The process is 
repeated until full convergence in terms of both brachial 
pressures and PWV is reached. To appraise the accuracy 
of the proposed method, we implemented the algorithm 
on in vivo anonymized data from 20 subjects [4] and 
compared our method-derived CO and cSBP estimates 
to patient-specific measurements obtained with Mobil-
O-Graph apparatus (central pressure) and two-
dimensional transthoracic echocardiography (aortic 
blood flow). 
 
Results 
Precise estimates of both CO (Figure 1) and cSBP 
(Figure 2) were obtained with an RMSE of 0.38 L/min 
and 4.36 mmHg, respectively. CO estimates were found 
to be sensitive to measurement errors (±10%) in both 
brachial SBP and pulse wave velocity. In contrast, cSBP 
estimates were found to be rather insensitive to 
measurement errors in cf-PWV (less than 2 %). 
 
Figure 1: (A) Model-CO versus reference CO. (B) 
Bland-Altman plot. 
 
Figure 2: (A) Model-cSBP versus reference cSBP. (B) 
Bland-Altman plot. 
 
Discussion 
Our one-dimensional model can be successfully tuned 
to patient-specific standards by using noninvasive, 
easily obtained peripheral measurement data. The in 
vivo validation demonstrated that this method can be 
used to accurately yield patient-based central aortic 
hemodynamic qualities, without the need for 
generalized transfer functions.  
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